This article synthesizes research findings regarding the effects of occupational therapy on the restoration of role, task, and activity performance for persons who have had a stroke, with the purpose of guiding practice and research. It is the first of a two-part review of studies. Part II synthesizes research findings regarding the effects of occupational therapy on remediating impairments. Part I includes 15 studies involving 895 participants (mean age = 70.3 years). Of these studies, 11 (7 randomized controlled trials) found that role participation and instrumental and basic activities of daily living performance improved significantly more with training than with the control conditions. We conclude that occupational therapy effectively improves participation and activity after stroke and recommend that therapists use structured instruction in specific, client-identified activities, appropriate adaptations to enable performance, practice within a familiar context, and feedback to improve client performance. Empirical research to verify these findings and to characterize the key therapeutic mechanisms associated with desired outcomes is needed.
S
troke is a leading cause of serious, long-term disability in the United States (American Heart Association, 2001 ) and is the most common diagnostic category of clients treated by occupational therapists (Rijken & Dekker, 1998) . Therefore, one might expect that research regarding effectiveness of occupational therapy with this population has been organized for use in evidence-based practice, which, however, is not the case. The goal of this article is to synthesize the research regarding the effectiveness of occupational therapy in the restoration of valued roles, tasks, and activities of persons who have had a stroke in order to guide practice and research.
Method
This review was initiated as part of the American Occupational Therapy Association's (AOTA's) Evidence-Based Literature Review Project. A group of two faculty members and three doctoral students at Boston University met regularly to discuss the approach, the definitions of levels of evidence, literature search strategies, and criteria for including or excluding studies. The group members were educated in meta-analysis, the method of synthesis used in this review. After establishing the general guidelines, the group divided into diagnosis-specific teams but continued to meet to discuss questions and problems that arose during the process of selecting studies, assigning grades of evidence, and categorizing particular assessments into the specific outcome categories. The two members of the stroke team reviewed, independently, the studies that met inclusion criteria, evaluated the validity of the studies, and verified the statistics to be noted. Disagreements were The American Journal of Occupational Therapy 251 resolved through discussion and further study of the research report.
Literature Search
First, to locate relevant studies, the following journals were manually searched: American Journal of Occupational Therapy , British Journal of Occupational Therapy , Canadian Journal of Occupational Therapy , Occupational Therapy in Health Care , Occupational Therapy Journal of Research (1980 Research ( -2000 , and Physical and Occupational Therapy in Geriatrics (1980 Geriatrics ( -2000 . Second, the following databases were searched electronically and manually: Dissertation Abstracts , MEDLINE (1984 MEDLINE ( -2000 , Index Medicus (1980 Medicus ( -1983 , PsycLit (1980 PsycLit ( -2000 , Cumulative Index to Nursing and Allied Health Literature (1981-2000) , Social Science Citation Index (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , and Excerpta Medica Volume 19: Rehabilitation and Physical Medicine (1980-2000) . Key words used in the search were occupational therapy AND stroke OR cerebrovascular accident (CVA), cerebrovascular disorders, hemiplegia, hemiparesis, or hemiplegics. Third, the reference sections of relevant articles were examined for additional studies. This citation-tracking process was continued until no new studies were found.
Inclusion-Exclusion Criteria for Studies
To be included in this literature review, a study first had to be published in English. Second, it had to measure the effect of occupational therapy treatment applied to persons with stroke. In applying this criterion, treatment had to be designated as occupational therapy or administered by an occupational therapist, or the article had to be written by an occupational therapist. Third, the study had to be published in a peer-reviewed journal or be a thesis or dissertation completed between 1980 and 2000. Reports published before 1980 were not included because knowledge of motor behavior and recovery after central nervous system damage that affect therapeutic procedures as well as the philosophy of occupational therapy practice were different 20 years ago and may not be currently applicable.
Studies that were excluded from the review were • those of treatment usually thought of as occupational therapy, such as cognitive-perceptual training, but not conceptualized as occupational therapy by the authors or applied to the participants by professionals other than occupational therapists; • those that reported occupational therapists applying treatment not usually thought of as occupational therapy (e.g., fabrication and application of ankle-foot orthoses), with effects not reported in functional terms;
• those that evaluated outcomes of occupational therapy delivered in combination with other rehabilitation treatments because the specific effects of occupational therapy are unclear in such studies; and • those that evaluated treatment effects of occupational therapy delivered to persons in other diagnostic categories together with stroke because the effects specific to persons with stroke could not be differentiated from the effects to persons with other diagnosed conditions. These exclusion criteria have resulted in a conservative appraisal of the effects of occupational therapy for clients who have had a stroke because studies of some treatments used by occupational therapists (e.g., neurodevelopmental treatment, constraint-induced therapy) but not designated as occupational therapy in the literature or researched by occupational therapists were excluded.
More than 150 articles and abstracts were reviewed in the initial literature search. Of these, 36 were included in this review (i.e., Parts I and II). Forty-seven percent were published in the United States, 25% in the United Kingdom, 17% in Canada, and 11% in various other countries. Single-case designs were excluded because of limited generalizability. One exception was the study by Mudie and Matyas (2000) (see Part II) that replicated the experiment over several participants and reported individual scores, allowing meta-analytic synthesis of the results.
Review Method
The 36 studies included in the full analysis were evaluated for level of evidence, using a system developed for AOTA's Evidence-Based Literature Review Project and subsequently improved by two members of the group (N. Baker & L. Tickle-Degnen, personal communication, March 1, 2001 ) (see Table 1 ).
The statistics for each study were examined. First, the p values of differences between the treatment and control groups, between conditions, or between pre-and posttreatment within one group were noted. The p values designate the probability of the difference being due to chance. Next, the reported effect sizes were noted. Effect size indicates the magnitude of the relationship between the independent variable (in this review, occupational therapy treatment) and the outcome (Rosenthal & Rosnow, 1991) . A positive effect size indicates improvement after treatment, and a negative effect size indicates poorer performance after treatment. If significance levels (p values) or effect sizes were not reported, they were calculated using the methods described by Rosenthal and Rosnow (1991) , if enough information was provided. The product-moment correlation (r) was chosen as the estimate of effect size in this review because it is similar to the Pearson product-moment correlation with which occupational therapists are familiar and can be easily recast into a binomial effect size display (BESD) that reveals the practical significance of any given magnitude of effect in terms of whatever measure is appropriate (e.g., success rate, improvement rate) (Rosenthal & Rubin, 1979 , 1982 Rosnow & Rosenthal, 1988) . Where appropriate, the mean effect sizes of statistically homogeneous studies of similar treatments were combined, and an aggregate weighted effect size was determined through meta-analytic techniques described by Rosenthal (1984) . The effect sizes were weighted by study sample size (N-3).
Organization of the Review
This review is organized by therapeutic goal: restoration of roles, tasks, and activities (Part I) and remediation of impaired bodily functions (Part II) (Ma & Trombly, 2002) . Outcome (dependent) variables were classified into the International Classification of Functioning, Disability and Health (ICIDH-2) categories of participation (role), activity (instrumental activities of daily living [IADL] and basic activities of daily living [BADL] ), and structural and functional integrity (mental and physical abilities and capacities) (World Health Organization, 2001 ).
Characterization of the Studies and Participants
Fifteen of the 36 studies reviewed addressed restoration of roles, tasks, or activities and are synthesized in this part of the review. Eight of these studies also measured remediation of impairments, and that aspect is reviewed in Part II (Ma & Trombly, 2002) . Table 2 reports the details of each study, listed in the order of outcome category and strength of evidence. Of these, 3 were classified as randomized controlled trials (RCTs; Level I), with high internal validity (see Table  1 ). An RCT design allows assignation of causality because it controls for alternate explanations of the outcome (Cook & Campbell, 1979) . Of the remaining 12 studies, 7 were designated as randomized trials (Level I) with one or more threats to internal validity; 2 were designated as multiple group comparisons without randomization to treatment (Level II), and 3 were designated as one-group pretest-posttest designs (Level III). All the studies were conducted in a natural (home or clinic) setting, which contributes to their generalizability (external validity).
The 15 studies included an initial total of 984 participants, 895 (91%) of whom completed the studies. Of these, 411 were identified as having a left CVA, and 425 were identified as having a right CVA. Two studies did not report the location of the lesion. Across the 15 studies, mean age ranged from 63.1 years to 76.0 years (overall mean = 70.3 years). Participants of 4 studies were in the chronic stage (≥ 12 months poststroke) when little spontaneous recovery is expected (Gresham et al., 1995; Wade, 1992) . Participants of 10 studies were in the acute stage (≤ 6 months poststroke) when spontaneous recovery is considered to be occurring. Participants of 1 study were of mixed chronicity.
Participation in life roles. Enabling clients to engage in satisfying life roles is a major goal of occupational therapy. Three studies addressed role (Corr & Bayer, 1995; Drummond & Walker, 1995; Jongbloed & Morgan, 1991) . Two measured participation or satisfaction with selfenhancement roles (i.e., roles that add to a person's sense of accomplishment and enjoyment, such as leisure pursuits as a hobbyist or sportsperson [Trombly, 1993 [Trombly, , 1995 ), and 1 measured perceived quality of life related to self-maintenance roles (i.e., roles associated with development and maintenance of self, including family and home, such as independent person, homemaker, and parent [Trombly, 1993 [Trombly, , 1995 . No study addressed self-advancement roles (i.e., roles that involve productive activity within the community and add to the person's skills, possessions, or other betterment [Trombly, 1993 [Trombly, , 1995 Note. ADL = activities of daily living (I = instrumental, B = basic, E = extended [similar to IADL]); CVA = cerebrovasular accident (L = left, R = right); NA = not available; NS = not significant. TLA = total leisure activity score; TOTL = overall leisure score.
a Effect size r unless stated otherwise. Interpreted similarly to a correlation coefficient. In behavioral studies, a small effect = .10; a medium effect = .30; and a large effect = .50 (Cohen, 1988) . b
Dependent variables categorized according to the ICIDH-2 (World Health Organization, 2001). c ">" reads as "scored higher" or "improved more." d φ is equivalent to r (Rosenthal, 1984) . e Cook and Campbell (1979, pp. 99-103) . The particular effect of occupational therapy on restoration of role performance in these studies appears to depend on dosage and goal-specificity. The 2 studies that offered infrequent and less-structured treatment (Corr & Bayer, 1995; Jongbloed & Morgan, 1991) found no improvement in role performance or satisfaction compared with the control, whereas 1 study (Drummond & Walker, 1995) found that 9 hours of treatment that emphasized practice of skills needed to do preferred leisure activities was successful. The effect size was large (r = .64), indicating that the number of activities and frequency of engagement in leisure activities were strongly affected by the specific practice versus treatment focused on ADL or no treatment. Three studies are inadequate to allow confident evidencebased clinical judgments regarding restoration of role performance. One reason that research is lacking in this area may be that restoration of role performance involves the whole rehabilitation team. Those studies were excluded because occupational therapy's specific effect could not be differentiated from that of the other rehabilitation professions. To differentiate occupational therapy's contribution to role resumption after stroke, use of a design that tested the effect of the team with and without occupational therapy participating (an ethically troublesome situation) or a method that allows measurement of goals related to role performance that are specifically the focus of occupational therapy are necessary.
Activity-IADL or extended activities of daily living (EADL).
Eight studies involving 736 participants measured outcomes in terms of IADL or EADL. Six of these (Corr & Bayer, 1995; Gilbertson, Langhorne, Walker, Allen, & Murray, 2000; Jongbloed, Stacey, & Brighton, 1989; Logan, Ahern, Gladman, & Lincoln, 1997; Walker, Gladman, Lincoln, Siemonsma, & Whiteley, 1999) were randomized trials, all except 1 having threats to internal validity. One was a nonrandomized multiple-group comparison (Young, Collins, & Hren, 1983) , and 1 was a pretest-posttest one-group study (Klavora et al., 1995) .
Four of the Level I studies (Corr & Bayer, 1995; Gilbertson et al., 2000; Walker et al., 1999) tested the effects of various intensities of in-home or community-based therapy focused on taskspecific practice to improve IADL. Logan et al. (1997) also tested therapy in the home, although whether it was taskspecific practice is not known because the description was vague. The studies by Logan et al. (1997) , Gilbertson et al. (2000) , and Walker et al. (1999) found significant improvements in total score of IADL by the experimental group compared with the control group. Logan et al. did not provide enough information to calculate an effect size, but Gilbertson et al. and Walker et al. did . The mean weighted effect size (r = .16) was a small effect (Cohen, 1988) . The practical significance of this effect size can be appreciated when it is presented graphically in the BESD (Rosenthal & Rosnow, 1991; Rosnow & Rosenthal, 1988) shown in Table 3 . A BESD is a 2 × 2 contingency table that displays an effect size as a dichotomous (binomial) outcome. The two rows of the table correspond to the independent variable (experimental treatment, control), and the two columns correspond to the dependent variable (e.g., improved, not improved) (Rosenthal, 1984) . The percentage of cases improved in the treatment condition is calculated with the following formula: .50 + r/2 × 100. For example, .50 + .16/2 × 100 = 58%. Percentage of cases improved in the control condition is calculated with the formula .50 -r/2 × 100, or .50 -.16/2 × 100 = 42%. Because all rows and all columns must add to 100%, the other cells can be calculated easily. The difference between these two values, 58% and 42%, is equivalent to a 16% increase in success rate due to in-home or communitybased task-specific practice. Therefore, the effect size gives a direct estimate of the distribution of cases improved by the treatment or the difference in success rate between the experimental and control conditions (Rosenthal, 1984; Rosnow & Rosenthal, 1988) . In this case, 16% more cases improved after task-specific practice in a familiar context than under the control condition, and conversely, 16% fewer cases did not improve under the treatment condition than under the control condition. Corr and Bayer (1995) and Drummond and Walker (1996) found improvements in only certain subtests. Whether Corr and Bayer's treatment focused on these areas exclusively is not known. Drummond and Walker (1996) actually reexamined the data from Drummond and Walker (1995) to determine whether occupational therapy directed toward regaining leisure skills generalized to EADL; therefore, it is not surprising that the leisure and mobility subtests showed significant improvement over training that was focused on BADL or no treatment. In other words, those skills practiced improved. Jongbloed et al. (1989) found no significant difference on IADL between task-specific practice and sensorimotor treatment; participants improved significantly after both treatments. Spontaneous recovery is a plausible explanation for the outcome because the participants were less than 12 weeks poststroke and an untreated control group was not used. Another explanation for the outcome could be the cointervention: All participants received physical therapy and performed self-care routines established by an occupational therapist morning and night concurrently with the experimental treatment. This adjunctive routine practice of ADL skills morning and evening, rather than experimental treatments, could have accounted for the improvement seen in both groups. It appears from the better controlled studies that taskspecific training offered in the home results in improved IADL performance. Two other studies, although categorized as offering less strong evidence, found improved performance of specific IADL tasks after treatment to improve the abilities thought to underlie the functional performance. Young et al. (1983) tested various treatments to improve reading the newspaper and copying an address by participants with left neglect or visual scanning deficits. The experimental treatment (block design training) improved both reading and copying significantly more than ADL practice, perceptual tasks, or visual scanning training. The failure to randomly assign participants to groups threatens internal validity, although some control was achieved by ascertaining that there were no significant differences on possible confounding variables among the groups at the start of the study and by calculating and using effectiveness indices for analysis of each dependent variable to control for intersubject variability. Klavora et al. (1995) used a special apparatus to train abilities believed to underlie driving. A significant number of participants passed the driving test after this treatment. These two studies leave open the question of whether treatment should focus on task-specific training or training of underlying skills and abilities. None of the studies is definitive enough to guide practice, although task-specific therapy studied in the randomized trials seems worthy of continued implementation in practice. Further study of task-specific training and of the effectiveness of the approach that treats underlying abilities needs to be carried out.
Activity-BADL. Nine studies included in this review examined occupational therapy outcome in terms of BADL on 731 participants. Four have already been noted (Corr & Bayer, 1995; Gilbertson et al., 2000; Jongbloed et al., 1989; Walker et al., 1999) . Of these, only Gilbertson et al. (2000) and Walker et al. (1999) found a significant improvement in BADL (Barthel Index) in the treatment group compared with the control group. Of the remaining 5 studies, 2 (Edmans, Webster, & Lincoln, 2000; Walker, Drummond, & Lincoln, 1996) were RCTs. Like Gilbertson et al. (2000) and Walker et al. (1999) , Walker et al. (1996) found, using a two-group, randomized, crossover (repeated measures with alternating sequence) design in which participants acted as their own controls, that task-specific practice of client-identified activities in the client's home resulted in better performance of dressing and other self-care activities than no treatment. On the other hand, Edmans et al.(2000) found no significant difference between transfer of training or functional treatment outcomes. Both groups improved, which could be explained by spontaneous recovery because they used participants in the acute stage poststroke and did not have a no-treatment group to control for this possibility. In explaining their findings, the authors alluded to the possibility of the threat of equivalency of therapy by noting that similar basic strategies were used for both groups, namely similar instructional cues or prompts; progression from simple to complex activity; use of demonstration, imitation, gesture, repetition, reinforcement, mental stimulation, and a systematic method; and break down of each activity into components. They hypothesized that teaching these strategies may have more effect than teaching any particular activity.
The remaining 3 studies offer less strong evidence than the others previously cited. One (Gibson & Schkade, 1997) used a historical cohort design to test effects of Occupational Adaptation therapy on ADL performance. The essential difference between this therapy and control therapy seems to be the emphasis on client-defined goals and meaningfulness of therapeutic activities chosen as Occupational Adaptation therapy intervention. Although the researchers found significantly better ADL performance and discharge to a less restrictive environment for the experimental group, causality cannot be unequivocally attributed to Occupational Adaptation therapy because possible differences in context and history between the two groups hospitalized at different times are plausible alternate explanations for outcome. Van Heugten et al. (1998) and Thomas, Hicks, and Johnson (1994) used pretest-posttest research designs that did not control for threats to internal validity. One found a significant improvement in BADL after instructional therapy, whereas the other found no difference as a result of cognitive retraining group therapy. Lack of random assignment, however, allows the differences in histories and recovery of participants or training and approach of therapists to be raised as plausible alternate explanations for both outcomes.
To summarize, 5 of the 9 studies reported significant improvement in BADL between the experimental and control groups, conditions, or times (Gibson & Schkade, 1997; Gilbertson et al., 2000; van Heugten et al., 1998; Walker et al., 1999) . The actual scores were not reported in these studies; therefore, we do not know the magnitude of improvement. Effect size indicates a relative magnitude of improvement; however, an overall effect size could not be calculated validly among these 5 studies because of statistical heterogeneity, X 2 (4) = 22.906, p < .001. The effect size for van Heugten et al. (1998) was .78, much larger than the other 4 studies that used control groups. This difference in effect size between pretest-posttest and control group designs was found in a similar review (Park & Ingles, 2001) . After eliminating the van Heugten et al. study (Level III) from the analysis, the aggregate weighted effect size for the remaining 4 studies that were homogenous, X 2 (3) = 5.805, p > .10, was r = .30, a medium effect that indicates that providing task-specific practice on client-chosen activities resulted in a 30% greater success rate for those participants in the experimental groups (or conditions) compared with those in the control groups (or conditions). The BESD in Table 4 presents the practical significance of this 30% greater success rate more clearly.
Well-controlled, large-sample replication studies with a clearly defined therapeutic approach (e.g., goal specificity, client-chosen goals, structured instruction, task-specific practice, particular practice schedules, role of feedback) and a more comprehensive measure of BADL than the Barthel Index (Mahoney & Barthel, 1965) are needed to verify and expand this finding. In the meantime, providing task-specific practice on activities clients identify as important to them may be accepted cautiously as "best practice." The 4 studies that found no significant improvement of BADL after experimental occupational therapy treatment offered too few treatments (Corr & Bayer, 1995) , manipulated the independent variable too indistinctively (Edmans et al., 2000; Jongbloed et al., 1989) , and used a sample too small to detect statistical significance (Thomas et al., 1994) . Future studies should control for these faults. Additionally, Edmans et al.'s (2000) suggestion that strategy training may be effective regardless of activity used in treatment warrants careful research.
Recommendations for Practice and Research
Beyond the limitations imposed by the inclusion and exclusion criteria, another limitation of this review is the paucity of research on particular treatments and lack of information regarding the actual therapeutic procedures used in the studies. Nonetheless, it appears that occupational therapy effectively improves performance of BADL and IADL and role participation of some persons who have had a stroke. The best evidence available in the occupational therapy literature, synthesized here, supports provision of opportunities for practice of client-chosen activities, preferably in a familiar context, and provision of necessary adaptations and training in the use of the adaptations. Each study operationalized the interventions differently, so we do not know which elements are key to the improved performance. Some elements that may be key are ecological and contextual familiarity, client-designation of goal activities, meaningfulness of activity to the client, structured and goal-specific teaching of activity skills, and practice. Each possible key mechanism requires more study. We do not know yet which intervention or combination of interventions is effective for clients with particular characteristics. Perhaps strategy training is more effective than task-specific training for some clients, or treatments of underlying abilities required for functional performance may be most appropriate. Two studies in this review found the latter approach successful, and therefore, it warrants further study.
Research also is needed regarding the relative effectiveness of environment-focused therapy. Although therapy to improve activity performance can be directed toward the client, the context (environment), or both, no studies that manipulated context as therapeutic intervention were retrieved. All studies of this review reported on therapy directed to the client. Research about habits and routines so intimately connected with role participation and activity performance is needed. Although occupational therapy historically has been the profession that seeks to help people sustain adaptive habits, let go of habits that are no longer adaptive, and develop new habits given their changed abilities and capacities, no studies were retrieved that addressed habit formation or dissolution by occupational therapists. L 
